ions incorporated into two hydroxyapatites of different origins cattle bone-originated (r-HAp) and chemically-synthesized (s-HAp), were compared with emphasis placed on the morphology of these two hydroxyapatites.
Introduction
Hydroxyapatite {Ca10(PO4)6(OH)2} (designated as HAp) is a predominant component in biological hard tissues1) and is therefore utilized as artificial bones and teeth. Potential utility of HAp as the other ceramic material is widely-spread such as a chemical sensor,2) an ad sorber/separator of proteins,3),4) a support of bioorganisms, a catalyst,5)-8) etc. One of the interests for practical use of HAp in various fields is how to manufacture HAp at a lower cost.
Recently, cattle bone, which can be supplied from livestock products in large amounts in Hokkaido prefec ture, has been paid attention as a promising material at a less manufacturing cost. Akazawa et al.9),10) measured heats of adsorption of basic lysozyme (QL) and acidic albumin (QB) on the cattle bone-originated HAp (r-HAp) and compared the values with those on the chemically-syn thesized HAp (s-HAp). The dependency of the ratio, QL/ QB on pretreating temperature for r-HAp was found to be much different from s-HAp. They concluded that this result reflected the difference of acid/base properties caused by the difference of crystallographic morphology of two HAp's. In relation to morphology of the HAp's, our interest was focused on the difference of carbonate ions (CO32-) in corporated into HAp structure because the carbonate ions existing in HAp structure are known to be connected with crystallinity,1) demineralization of teeth and bone,11) etc.
2. Experimental 2.1 Preparation of the HAp r-HAp was prepared from cattle femur. The procedure was as follows: The bone was treated in an autoclave at 393 K for 24h and was dried, followed by pulverization. The ob tained powder was calcined at 673K for 2h under a flow of water vapor. s-HAp was synthesized from (NH4)2HPO4 and Ca(NO3)2, adjusting pH of 6.9-7.1 with NH4OH. The calcination was done in the same manner as r-HAp. The detailed procedure can be seen elsewhere.12)
Analytical procedure FT-I
(Fourier Transform-Infrared) spectrometer (Shimadzu 8100) was employed to examine carbonate ions in/on r-HAp and s-HAp. A compressed thin disk of HAp powder of 20mm in diameter was used as the sample. Resolution was 4cm-1 and scan times was 100. CO2 gas us ed in this study was supplied from Takachiho Co. and its purity was 99.99%. Figure 1 shows I spectra of s-HAp (a) and r-HAp (b) pretreated at 1073 K for 1.5h in vacuo. Several absorption bands of HAp structure were observed: A sharp peak at about 3600cm-1, broad peaks at about 2000cm-1, large ones around 1000cm-1 and 600cm-1 were assigned to OH stretching, PO4 harmonic, PO4 stretching and PO4 deform ing vibrations,13),14) respectively. Additional IR bands at 1400-1600cm-1 were observed on both HAp's, s-HAp had two peaks at 1456 and 1414cm-1, while r-HAp had three peaks at 1543, 1456 and 1422cm-1. These IR peaks show the existence of two kinds of carbonate ions: two peaks at 1456 and 1414 (1422)cm-1 were ascribed to a PO4 substituted carbonate ion {Ca10(PO4,CO3)6(OH)2; de signated as CI} and the peak at 1543cm-1 was to an OH substituted carbonate ion2),15) {Ca10(PO4)6 (OH, CO3)2; designated as CII}. The difference between two HAp's was that s-HAp had only C I species whereas both CI and CII species were found on r-HAp. Now it is interesting to examine how these carbonate ions were incorporated into the structure of HAp. Figures 2 and  3 One can see a new peak at about 1640cm-1 in (a) for both samples. This peak was assigned to a carbonate ion located on the surface, not in the structure of HAp. This peak decreased in intensity as temperature went up and disappeared at 873K (d) for both. But there was one difference between r-HAp and s-HAp. For r-HAp (Fig. 2) , CII grew as temperature increased, whereas this did not happen for s-HAp (Fig. 3) . From these results, one can speculate two ideas: the surface carbonate ion entered the structure of HAp and transformed into CII species, and r-HAp had a morphology for having access to the OH substituted carbonate ion (CII) easier than s-HAp.
Results and discussion
To confirm the former idea, IR spectra after exposure of CO2 gas were measured on s-HAp pretreated at 1073K, where CII had not been observed. The result was shown in Fig. 4 , in which heating was done in CO2 gas atmosphere. When CO2 was introduced at room temperature (a), a sur face carbonate ion at 1640cm-1 and a linear CO2 at 2350 cm-1 newly appeared. As temperature increased, the in tensity of the surface carbonate ion decreased. At 673 K, CII appeared accompanying disappearance of the surface carbonate ion, indicating that the surface carbonate ion transformed into CII species.
Next the latter idea was confirmed by examining the difference of the morphologies of the two HAp's. FE (field emission) -SENT (scanning electron micrography) photos showed that r-HAp was composed of assemblies of relative ly round particles of 50-100nm in diameter while s-HAp was bar-shaped particles of 100-300nm in length,9) sug gesting that r-HAp less grew crystallographically along c-axis than s-HAp. The less crystal growth of r-HAp means that r-HAp has a more calcium-deficient structure than s HAp and, therefore, has more OH vacancies to compensate the decrease of positive charge.
Conclusively, a cattle bone-originated HAp was found to have more OH vacancies than a chemically-synthesized HAp, and had easily an access to the carbonate ion in the OH vacancies, which was formed via the surface carbonate ion. 
